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▪ CD-3a March 2020
▪ Scope $13,040k (BAC)

▪ Silicon Sensors for OT and CE $11,941k

▪ LYSO Crystals for MTD  $525k

▪ Carbon Fiber materials for OT  $574k

▪ All items will have undergone Production Readiness Reviews

▪ CD-2 November 2020
▪ LS3 schedule change and budget forecast in Nov 2020 may 

provide impetus to move this later in FY21

▪ Revisit this in CY20Q1/Q2

Path Forward beyond CD-1
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“The objective is to provide the acquisition 
executive, for approval at CD-2, a complete and 
accurate baseline that can reasonably and 
confidently be achieved.”  

[DOE G 413.3-5A ] 
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CD-2 Performance Baseline



CD-2 Performance Baseline
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Scope Work breakdown structure (WBS) encompasses all project scope and/or 

contractual scope requirements/work authorization defined to levels sufficient to support 
detailed cost and schedule estimates under formal change management procedures and 
configuration management.

Design Is mature when a point estimate can be developed, can establish a 
high-quality, reliable cost and schedule estimate for a PB, and is ready 
for an independent review. Refer to DOE O 413.3B, Figure 3, page C-6, Facility Design 

Maturity General Guidelines for CD-2.

Key Performance 
Parameters

Primary KPPs defined, understood, and agreed to by the AE, Program sponsor, 

and FPD, and forms the requirements of the prime contract.

Cost Total Project Cost (TPC) established with 70-90% confidence level. Higher 

confidence level should be considered for changes to the PB. Refer to DOE O 413.3B, page C-
21.

Schedule Project completion date established with 70-90% confidence level. 
Higher confidence level should be considered for changes to the PB. Refer to DOE O 413.3B, 
page C-21.

Documentation All baseline documentations should be complete, approved by an appropriate 

authority, and effectively organized to enable traceability of supporting plans, assumptions, 
and analyses from the lowest to the highest level, and summary statement of the PB should 
be contained in the Project Execution Plan (PEP) or in the program requirements document 
(PRD) for NNSA projects.



▪ “high-quality, reliable cost and schedule estimate”
▪ Refinement of resource estimates based on prototyping validation 

of nearly-final designs and components

▪ Each L2 area has delineated “Ready for CD-2” using technical 
milestones
▪ Can easily follow technical progress necessary to refine M&S and 

Labor estimates and durations
▪ Constraining the milestone allows determination of “CD-2 critical path”

Technical Steps to CD-2
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▪ “All baseline documentations should be complete”
▪ Mainly Revision of existing CD-1 documents

▪ Informally a continual process

▪ Focused effort starts June 2020

Management Steps to CD-2
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Other Documents
Project Management Plan
Risk Register
Project Organization Chart
Assumptions Document
WBS Dictionary
Milestone Dictionary
Configuration Management Plan
Procurement Management Plan
Monthly Status Reports
Statement of Work (SOWs)
Science & Technical Requirements and Specifications
Status/Progress on prior review recommendations
Milestone Waterfall Chart (sorted by level/date) 
Critical Paths
Resource Profile Graphs 

At Project Level
At each Level 2

DOE Required Documents at CD-2
Acquisition Strategy
Project Execution Plan
Preliminary Design Report (TDR – Technical Design Report)
Hazard Analysis Report (HAR)
Integrated Safety Management Plan
Quality Assurance Plan (QAP)
Identify general Safeguards and Security requirements for the   

recommended alternative (included in PEP)
Lifecycle Costs with Alternative Assessment  (included in PEP)
National Environmental Policy Act (NEPA) exemption
Risk Management Plan



▪ “Total Project Cost (TPC) and Project completion date 
established with 70-90% confidence level”
▪ Rework schedule to accommodate changes due to LS3 shift

▪ To first order, increases float to need-by dates

▪ Update all cost estimates to base year 2019 or 2020

▪ Revise labor estimates based on production-like assembly 
experience

▪ Ongoing work, augmented by focused workshop for each 
L2 area (May-June time frame) and follow-up project-
wide review workshop

Management Steps to CD-2
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▪ “formal change management procedures and 
configuration management”

▪ Initiate EVMS cycle this fall – 12 months before CD-2
▪ Based largely on framework developed for Phase 1

▪ Full Control Account Structure already in place

▪ CAMs identified, many have Phase 1 experience, most have 
had some training already

▪ Tools and Procedures already exist, developed for other 
O413.3b projects at the lab

Management steps to CD-2
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▪ EVMS is a whole system for execution of a project
▪ Project planning: WBS, OBS, RAM, WAD, BOEs, Gantt…
▪ Project monitoring: Statusing, PMTs, VARs, CPR5, CPI, SPI
▪ Project modification: Change Control
▪ Practices follow Lab wide standards, Surveillance renewed annually

▪ Focusing on “statusing”
▪ Monthly process of updating the working schedule, comparing it to 

the baseline, and analyzing/explaining deviations from the plan
▪ Previous discussions/trainings

▪ CAM Bootcamp, July 3 2014 (Phase 1, Mu2e, g-2)
▪ Phase 1 - HL LHC Workshop April 5, 2016
▪ OPSS EVM training Fermilab training program required for all CAMs

• “For CD-1”     6/12/2017, 7/31/2018, 5/8/2019

• Full training   9/11/2018

▪ June 2019 HL LHC Workshop June 10, 2019

▪ Planning more training in 2020 once practice has started

Earned Value Management paradigm
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https://indico.cern.ch/event/323645/
https://indico.cern.ch/event/484455/timetable/#1-towards-cd-1-resource-loaded
https://fermipoint.fnal.gov/org/OCPO/os-pss/pmandcamtraining/SitePages/Home.aspx?RootFolder=/org/OCPO/os-pss/pmandcamtraining/Shared%20Documents/EVM%20Training&FolderCTID=0x0120007C6E0CAF3B216F459E1BAD234A3FDCB9&View=%7bB9168920-9059-4103-83E3-805C3C04ADC3%7d
https://indico.cern.ch/event/822027/


▪ Stability
▪ Cannot being doing rapid 

developments and maintain 
consistent baseline

▪ Factorization into Control 
Accounts (reporting level) which 
are subdivided into Chargable
Task Codes (collection level)
▪ By CD-2, will need

▪ each discrete activity will need to 
have an associated “Performance 
Measurement Technique” 

▪ Discrete activities have “limited 
duration” (< 60 working days) 

• no matter how one calculates the 
status, it is done in 3 cycles

• Most of the schedule is there 
already

Statusing pre-requisites
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CTC: 402.AB.FnnnST
A = L2, 1=PM, 2=OT, …
L = L3: 2=MGMT, 3 = Sensors…
F= Funds: 1 = OPC, 2 = MIE
nnn just counts CTCs
S is Site: 0=CERN, 1 = FNAL, 2= UNIV
T = Type: 1 = Labor, 2 = M&S, 3 = Travel, 
4= COLA  



▪ Budget fully distributed 
into 36 Control Accounts
▪ Also CTCs established, 

ready to integrate into 
cost processing tool 
(Cobra)

402 RAM
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▪ Rather relentless cycle, skipping a cycle is not an option
▪ Results go into DOE PARS every month, are reported to Agencies every month
▪ Non-intuitive for most new CAMs – good to get experience early

Earned Value (Monthly) Cycle
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▪ Turnaround report = google 
sheet extracted from P6

▪ CAM Instructions:
▪ Was this activity started in the 

current period?
▪ If so, enter actual start date

▪ Was this activity finished in 
the current period?

▪ If so, enter actual finish date
▪ If not, optionally enter 

expected finish date
▪ Was any progress made at all 

in the current period?
▪ Update Percent complete, 

based on the PMT
▪ Use comment field to indicate 

actions like “reduce duration 
to keep end date fixed” etc

▪ L2s hold monthly “statusing
meetings”

▪ Keeps team appraised of 
progress elsewhere

Collection of Work Performed
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▪ Financial information available 
from  Project Office financial 
officer

▪ Three sources
▪ Invoices to FNAL – each PO Line 

has a CTC
▪ POs based on SOWs with 

resources from RLS

▪ Fermilab labor charging to CTCs

▪ Accruals:  L2s/PIs estimate 
invoice lag

▪ Many Variance reports attributed 
to missing inaccurate (both over-
and under-) accruals

Collection of Actuals
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▪ Performance at the final monthly PMG

Phase 1 experience
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▪ Another wake-up call for 
L2s and L3s used to 
simply making changes
▪ Facility with P6 by project 

team (L3s/CAMs) helps 
understand cost and 
schedule impacts earlier

▪ Mitigates “false starts”

▪ Departure from “Home-
grown” Phase 1 BCR 
process to new Lab-wide 
tool
▪ Some practice already 

within the project

Baseline Change
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▪ Establish “practice baseline” and enforce Baseline 
Change after schedule amended based on CD-1 Review 
outcome
▪ Hopefully not large effort

▪ Start collecting BCWP and ACWP in the Fall
▪ 3 month education period to get CAMs to understand what 

they are doing

▪ Enforce VAR/EAC reporting starting in January 2020
▪ 6 months of full reporting before a likely CD-2 Director’s 

Review in Summer of 2020

EVMS Rollout in Project
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“The purpose of the Construction or Execution 
Readiness Review is to assess the readiness for 
construction or execution and to confirm the 
completeness and accuracy of the Performance 
Baseline”  

[ DOE G 413.3-9  ] 
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CD-3 Ready for Construction



CD-3 Ready for Construction
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Scope Assess completeness and quality of design specifications, whether bid 

packages are sufficiently clear and well defined, technology readiness to proceed, if any process 
testing is planned and its potential impact to the design

Design Assess whether identified technologies are at sufficient level of maturity 
to be included in construction, sufficient cost and schedule for 
implementation are in the baseline, and the associated risks are 
captured in the Risk Registry.  Assess whether any design activities to be performed 

during construction as appropriate as to type and amount of design to be performed, the 
design basis for this additional work, and the basis to proceed with construction.

Cost and 
Schedule

Determine reasonableness of resource loading, cost assumptions, and if any 

potential trends or planned changes are adequately identified to provide firm basis to proceed 

with construction. Assess whether the Critical Path is reasonably defined,
reflects an integrated schedule with reasonable durations, and has a suitable lead between 
completion and CD-4.

Documentation Review and revise all documents to reflect relevant approved changes.  Documents 

include ISM, HAR,QAP, PEP, PMP, AS, CMP, ProcMP … Ensure effective use of certified 
EVMS system and associated Project Controls and Change Controls 
Protocols

Plus items relating to Construction, Funding Profile/Budget, Safety, Value Management/Engineering, Contract 
Management, Startup Planning and Operational Readiness, Sustainable Design, Lessons Learned



▪ CD-3 is chiefly driven by full design completion
▪ For remaining open options, cost and schedule implications 

should be well documented and covered in the Risk Register

▪ “Ready for CD-3” also mapped out by technically driven 
milestones in RLS

▪ Original plan was to combine CD-2 and CD-3 review
▪ Still the preferred option, but November 2020 looks unlikely 

from a technical standpoint
▪ Will explore both speeding up and really understanding if what drives 

later dates is absolutely necessary for CD-3

▪ Also subject to considerations mentioned for CD-2

▪ Project focus has been to get through CD-1
▪ Revisit question of CD-3 in 6 month timescale

Readiness for CD-3
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Project Status - reprise
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▪ Revamped Maturity algorithm
▪ Same criteria, but separate 

“Management” from “Technical” 
aspects

▪ Removed (arbitrary) assignment of 
absolute completeness

▪ Each criteria evaluated at L3, rolled up 
for full project

▪ All subsystems well beyond 
Conceptual level needed for CD-1, 
approaching Preliminary design (CD-
2)

▪ Details of technical progress in L2 talks 
and breakout

Design Maturity Estimate
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Conceptual Design

Management

Alternatives for satisfying the requirements have been evaluated and a preferred alternative has been selected.

Cost and schedule range developed.

Lessons learned from other experiments are incorporated into the design or planning as relevant.

Preliminary Hazard Analysis performed.

Preliminary risk analysis performed and documented in Risk Register.

Technical

Conceptual Design Report completed.

Conceptual design satisfies Mission Need.

R&D tasks identified that will guide the design selection and address risks.

Preliminary Design

Management

Activity-based resource-loaded baseline cost and schedule fully developed, including a full contingency analysis.

Interfaces have been identified.

Lessons learned from other experiments are incorporated into the design or planning as relevant.

Make/buy evaluation complete.

Preliminary QA plan developed

Value engineering performed.

Technical

Baseline design/methodolgy/architecture choice has been made.

Component designs/methods at the 30% level of design completion.

Preliminary design/methodology/architecture is sufficiently developed, incl. preliminary design drawings of major 

components, final drawings of long lead items.

Technical Design Report completed.

Final Design

Management

Hazard Analysis has been updated and approved.

Interfaces have been updated and documented.

Risks have been updated and listed in the Risk Register.

Technical

Component designs at the 80% - 90% level of design completion.

Final design drawings/methodology/architecture are complete at the 80-90% level.

Final Design Reviews complete and all recommendations have been addressed.

Specifications are complete

Detailed Design

Management

ES&H Reviews completed as necessary.

Technical

All interface documents and drawings completed and signed by all relevant parties.

Component designs/methodology/architecture are complete and reviewed for manufacturability.

Component fabrication drawings are complete and reviewed by the Project.

Construction Readiness

Management

Commissioning plan in place.

Installation plans in place.

QA procedures defined. Travelers in final draft form.

Verification and acceptance test plan complete.

Technical

Detailed Design complete.



▪ Ramps from 
prototyping into 
production, then 
tapers

▪ Funds $162.05 M 
covers TPC

Full Project Cost
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▪ Ramp up through 
prototyping, increase in 
techs and students as we 
proceed into production 
phase

▪ 45.5% scientific labor
▪ 12.6% Management WBSs

▪ Not as vulnerable to 
decrease in Research 
Budget

▪ 32.9% Technical WBSs
▪ Each L2 area carries a risk 

of loss of up to 20% of  the 
scientific labor at 30% 
probability

Labor Profile
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▪ Main risk changes in 
past 12 months are
▪ Reviewed and updated 

full spectrum of risks
▪ New: detailed risk 

analyses of BTL & ETL
▪ Re-aligned with the 

evolving iCMS plans
▪ Held external risk 

reviews
▪ Escalation, overheads, 

and exchange rate risks 
decreased (we have 
advanced by one year)

Cost risks

Was $10.4M at DOE 

IPR, June 2018
Risk-based contingency ≈ $10.07M (8.1% of BAC)

Top 25 
cost risks
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Total Project Cost  – CD-1 Range

▪ For base cost + estimate uncertainty use 
AACEI / DOE* estimate classes

▪ Mapped to Fermilab maturity categories

▪ For risk-based contingency, range is 
taken from the MC spread in risk cost 

▪ Lower (70% CL) to higher (95% CL)

27

Charge #3
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Cartoon Schedule at L3
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FY26FY25FY24FY23FY22FY21FY20FY19FY18FY17

CD1 CD2/3

LS 2LHC TSPhysics Physics Physics TS Physics TS Physics LS 3

CD3a

Prototype Preproduction Production and QC

Prototype Preproduction Production and QC

Prototype Preproduction Production, QC, Firm/Software development

Prototype Preproduction Production and QC

Sensors

MaPSA

Test Systems

Modules

Mechanics

Integration

Sensors

Modules

Cassettes

Scintillator

Electronics

L1 Cal

L1 Corr

DAQ

BTL

ETL

Mockups Slice test v1 Slice test v2

Install

CERN Integration

CERN Integration

CERN Integration

CERN Integration

O
T

C
E

TD
M

TD



▪ Activities have been sequenced with logical links to 
provide a workable and predictive schedule 
▪ Minimal interdependence between L2 schedules
▪ International dependencies, review dates, and expectations 

imported into synchronization milestones

▪ Finalizing schedule part of  moving to a baseline at CD-2
▪ LHC schedule discussion will be in the past
▪ Component delivery schedules will be updated
▪ Duration estimates will be refined from prototyping experience

Schedule Summary
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Subsystem Float to CMS need-by date (m) Float to CD-4 (m)

Outer Tracker 5.7 (Modules)/11.4 (Flat Barrel) 37

Calorimeter Endcap 7.2 44

Trigger/DAQ 9.1 44

MTD 11.0 (BTL) / 14.2 (ETL) 54 (BTL)/41 (ETL)



▪ Acquisition strategy is in place, still valid

▪ Conceptual Design complete, satisfies performance 
requirements             , and with substantial base of 
supporting documentation justifies stated cost range and 
project duration 
▪ TPC 162.03 matches funding guidance, CD4 has significant float

▪ Plans make efficient use of collaboration resources and 
qualified vendors as appropriate 

▪ Project has requisite management and technical 
experience to produce a credible cost and schedule 
baseline 

▪ ESH aspects and documentation have both been 
bolstered substantially since last IPR 

▪ Project has responded to all recommendations

Status vis a vis the charge 
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Charge #1

Charge #2

Charge #3

Charge #4

Charge #5

Charge #6,7

Charge #8



▪ We believe that
▪ We have a complete and accurate schedule and cost estimate

▪ Our design is sufficiently mature to support the Cost Range

▪ We welcome your feedback and are available for 
questions to help with your assessment

nahn@fnal.gov 781 363 1351  24/7

▪ Thanks for your efforts
▪ Reviews are hard on the reviewers too.
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The big picture

mailto:nahn@fnal.gov


OFFICE OF 

SCIENCE

32

3.  Cost and Schedule
C. Lavelle, K. Bailey, C. Chance / 

Subcommittee 5

PROJECT STATUS

Project Type MIE / Line Item / Cooperative Agreement

CD-1 Planned:    11/27/2019 Actual:

CD-2 Planned:    11/30/2020 Actual:     

CD-3 Planned:    11/30/2020 Actual:     

CD-4 Planned:    9/30/2027 Actual:     

TPC Percent Complete Planned:     15% Actual:    

TPC Cost to Date $18,283K

TPC Committed to Date $21,666K

TPC $162,050K

TEC $74,435K

Contingency Cost 

(w/ Mgmt. Reserve) $37,390K 35% to go

Contingency Schedule 

on CD-4 37 months 64.9% to go

CPI Cumulative .99*

SPI Cumulative 1.04*

*Approximate, formal EVMS not started


